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Abstract
The purpose of this paper is to discuss the environmental load of three types of roofing systems, and to clearly identify the
advantages and disadvantages of each by measuring various environmental factors. The three roofing systems each contain 
sustainable advantages to being “green.” First, roofing can be designed to collect rainwater and reduce potable water usage. 
Second, adapting a green roof can not only effectually decrease the amount of stormwater runoff, but also mitigate the heat island 
effect, extend roof life, and improve thermal and sound insulation performance. Third, agriculture roofing includes some of the 
benefits of green roof, and, as a by-product, food can be grown in an urban core, reducing the carbon footprint. This paper 
compares and evaluates these three systems to validate the benefits to society and environment.
© 2016 The Authors. Published by Elsevier Ltd.
Peer-review under responsibility of IEREK, International experts for Research Enrichment and Knowledge 
Exchange.
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1. Introduction
“Green” architecture has been drawing attention in recent years. Loosely defined, "green” has some vaguely 
thinking it is a type of architecture environmentally friendly in some way. Several interpretations of “green” exist, 
with several ways to measure the validity of sustainable methodologies, or how “green” a building is. For example, 
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buildings that are LEED® certified or made out of recycled and recyclable materials can be called “green.” Other 
terminologies referring to “green” are net zero energy, low life cycle carbon dioxide (LCCO2) emission, heat island 
effect mitigation, and stormwater runoff alleviation. Although, a building rated high by one measure can also be 
rated very low by another. To achieve fairness and accuracy, it is necessary to apply multiple methodologies when 
rating, or evaluating sustainability of, any architecture.
This paper covers the merit and burden of roofing that collects rainwater, the conventional green roof fully 
covered with lawn, and the agriculture roofing which grows edible plants such as fruits and vegetables.
2. Rainwater Catchment Roof
First type of roofing systems is roofing that is capable of collecting the rainwater for use. It can be wide variety of 
roofing materials such as asphalt shingles, clay tiles, built-up roofing, single-ply membranes, etc. Each roofing 
materials has different use, cost and environmental load. When the materials are carefully selected, it can greatly 
mitigate the heat island effect, harvest rainwater, and minimize the waste by recycling. 
2.1. Heat Island Effect
Creating cool communities requires lowering the surface temperature. Surface characteristics such as albedo, 
roughness, and emissivity are relevant to the roof surface temperature in the sun. The surface temperature, Ts is 
obtained from the following equation (ASHRAE, 2013):
(1-a)I = İı(Ts4 – Tsky4) + hc(Ts – Ta) (1)
a albedo of the surface
I total solar radiation incident on the surface, W/m2
İ emissivity of the surface
ı Stefan-Boltzmann constant, 5.6685x10-8 W m-2K-4
Ts equilibrium surface temperature, K
Tsky the effective radiant sky temperature
hc convection coefficient, W m-2K-1
Ta air temperature, K
As shown in the equation, the most practical parameter to lower the surface temperature is to increase the albedo. 
It also indicates that selection of high-emissivity materials is effective.
Selecting a high-albedo roof instead of traditionally absorptive rooftops can be done at almost no cost. Currently, 
there are a number of high-albedo materials available. Built-up roofs can be surfaced with white gravel or a white 
roof coating, such as white single-ply roofing for example. White metal or concrete tile shingles can also be used in 
place of a conventional residential roof.
White concrete and paint are the most obvious and readily available choices for obtaining higher albedo; however,
since roughly half of the solar radiation reaching the earth’s surface is near-infrared radiation, significant 
improvements in conventional colors are also available (Berdahl & Bretz, 1997).
In addition to albedo, the roof surface emissivity also affects the temperature. A high-emissivity material
maintains lower surface temperature in the sun than low-emissivity materials with the same albedo. Low-emissivity 
materials include, but not limited to, the unpainted metal shingles and aluminum coatings.
2.2. Recycling Materials
It is estimated 11,000,000 tons of asphalt roofing waste is generated annually in the United States. The greatest 
single source, estimated at 10,000,000 tons annually, is from roof replacements (Waller, 1993). If properly processed, 
the recycled materials could be mix with asphalt shingle roofing materials and save up to 50% and still maintain the 
standard structural strength (Grzybowski, 1993). In addition to new shingle manufacturing, attempts have been made 
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to use recycled asphalt roofing as an aggregate in road construction or maintenance. The mixture leads to several 
improvements in the roads, including minimizing dust, reducing vehicle noise, and requiring less road maintenance 
(Townsend, Powell & Xu, 2007). Asphalt shingle recycling will not only reduce the requirement for the virgin 
materials, but will also reduce the consumption of landfill airspace. In addition, shingle recycling may reduce the 
emission of potentially hazardous components associated with the mining, production and transport of virgin 
materials used in the manufacture of asphalt and aggregates (Sengoz & Topal, 2005).
Wood shingles and shakes are made from old-growth western cedar. Although the amount of embedded energy is 
relatively low, the harvest of old-growth trees is not sustainable in the long run. In order to mitigate the issue, there 
are products made from reclaimed lumber. Wood shingles can be made out of wood reclaimed from bridges, mills, 
old water and wine tanks, and a number of other sources (Armster Reclaimed Lumber Company, 2009).
Metal roofing products include some recycled materials, and it can be recycled at the end of its life. Not only that,
it can last up to 50 years and less waste will be made in the long run. There are other innovative recycled roofing 
materials available in the market. Rubber shingles made from old steel-belted radial tires is one of them (Nowacek, 
1999).
2.3. Water Catchment
Implementing a rainwater catchment system in urban areas is a strategy that brings many benefits and may serve 
to cope with current water shortages (Fletcher, Deletic, Mitchell & Hatt, 2008), stormwater runoff (Zhu et al, 2004)
and stream degradation (Van Roon, 2007). In order to select the most appropriate roof, the quantity and quality of 
the harvested rainwater must be considered. Since roofs cover approximately half of the total surface area in cities, 
they operate the main role in the urban stormwater runoff.
The potential volume of the water captured by a roof can be estimated by the following equation:
 
                            Wp = P × A × RC (2)
Wp potential volume of water catchment, L/year
P local precipitations, mm/year
A catchment area, m2
RC runoff coefficient
The RC is a dimensionless value that estimates the portion of rainfall that becomes runoff, taking into account 
losses due to leakage, spillage, catchment surface wetting and evaporation (Singh, 1992). It is essential to consider 
RC in the selection of roofs to maximize the potential of water catchment.
Table 1 Runoff coefficient (RC) estimates
Roof RC Reference
Sloping roofs
Concrete/asphalt 0.9 (Lancaster, 2006)
Metal
0.95 (Lancaster, 2006)
0.81-0.84 (Liaw & Tsai, 2004)
Aluminum 0.7 (Ward et al., 2010)
Flat roofs
Bituminous 0.7 (Ward et al., 2010)
Gravel 0.8-0.85 (Lancaster, 2006)
Level cement 0.81 (Liaw and Tsai, 2004)
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As it is shown in Table 1, RCs are within the range of 0.7-0.95 meaning that it mitigates the stormwater runoff by 
70% minimum. The collected water could be used for various ways such as toilet flush and irrigation. If the water is
treated and stored properly, it could be used as potable water, and vast amount of tap water can potentially be 
conserved.
2.4. LEED
Leadership in Energy and Environmental Design (LEED®) is the green building rating system developed by the 
United States Green Building Council (USGBC). Buildings receive points towards varying levels of certification 
based on the set of categories established by the USGBC. The wide variety of benefits associated with rainwater 
catchment roofs is captured to varying degrees in the USGBC’s LEED rating system. While every project is unique, 
and the extent to which roof on any building can help earn credits varies, this shows the potential credit that can be 
earned to help achieve LEED v4 certification (USGBC, 2014).
2.4.1. SS Credit – Rainwater Management (potential 1-3 points)
In a manner best replicating natural site hydrology processes, manage on site the runoff from the developed site 
for the 95th percentile of regional or local rainfall events using low-impact development.
2.4.2. SS Credit – Heat Island Reduction (potential 1-2 points)
Use roofing materials that have an SRI (solar reflectance index) equal to or greater than the values in Table 2.
Meet the three-year aged SRI value. If three-year aged value information is not available, use materials that meet the 
initial SRI value. 
Table 2 Minimum solar reflectance index value, by roof slope 
Slope Initial SRI 3-year aged SRI
Low-sloped roof  82 64
Steep-sloped roof > 2:12 39 32
2.4.3. WE Credit: Outdoor Water Use Reduction (potential 2 points)
Reduce the project’s landscape water requirement (LWR) by at least 50% from the calculated baseline for the 
site’s peak watering month. Reductions must first be achieved through plant species selection and irrigation system 
efficiency as calculated in the Environmental Protection Agency (EPA) WaterSense Water Budget Tool.
2.4.4. WE Credit: Indoor Water Use Reduction (potential 1-6 points)
Reduce fixture and fitting water use from the calculated baseline. Additional potable water savings can be earned 
above the prerequisite level using rainwater.
Table 3 Points for reducing water use
Percentage 
reduction
Points 
(BD&C)
Points (Schools, Retail, 
Hospitality, Healthcare)
25% 1 1
30% 2 2
35% 3 3
40% 4 4
45% 5 5
50% 6 -
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2.4.5. MR Credit: Building Product Disclosure and Optimization – Sourcing of Raw Materials (potential 1-2 points)
Use products that meet at least one of the responsible extraction criteria below for at least 25%, by cost, of the 
total value of permanently installed building products in the project.
x Extended producer responsibility. Products purchased from a manufacturer (producer) that participates in an 
extended producer responsibility program or is directly responsible for extended producer responsibility. 
x Wood products. Wood products must be certified by the Forest Stewardship Council or USGBC approved 
equivalent. 
x Material reuse. Reuse includes salvaged, refurbished, or reused products. 
x Recycled content. Recycled content is the sum of postconsumer recycled content plus one-half the preconsumer 
recycled content, based on cost.
Overall, adapting the rainwater catchment roof guarantees no LEED points by itself, but contributes 10+ points 
toward LEED certification. It is essential to select recycled and high-albedo roofing and install water efficient
fixtures in order to maximize LEED points.
3. Green Roof
A roof of a building that is fully or partially covered with a layer of vegetation is known as a green roof. A green 
roof is a layered system comprising of a waterproofing membrane, a growing medium and a vegetation layer itself. 
Green roofs often also include a root barrier layer, a drainage layer and, where the climate necessitates, an irrigation 
system.
A green roof offers the building and its surrounding environment many benefits. These include reduction of the 
urban heat island effect (Banting et al, 2005), stormwater management (Mentens, Raes & Hermy, 2006) (Stovin, 
Dunnett & Hallam, 2007), improved water run-off quality(Berndtsson, Bengtsson & Jinno, 2009), increased sound 
insulation (Dunnett & Kingsbury, 2004), reduction of the energy required for the maintenance of interior climates 
(Del Barrio, 1998), improved urban air quality(Yang, Yu & Gong, 2008) and extension of roof life (Teemusk & 
Mander, 2009). Other benefits also include enhanced architectural interest and biodiversity (Köhler, 2003).
3.1. Heat Island Effect
Green roofs cool through improved reflectivity of incident solar radiation and latent heat loss. The green roofs 
cool as effectively as the brightest possible white roofs, with an equivalent albedo of 0.7-0.85 compared with the 
typical 0.1-0.2 of a bitumen/tar/gravel roof (Gaffin et al, 2010). (Lui & Minor, 2005) compared the green roof and 
roof without greening. By measurement, they found that the heat gain through the green roof was reduced by an 
average of 70-90% in the summer and heat loss by 10-30% in the winter.
3.2. Stormwater Management
Green roofs help mitigate the impact of stormwater runoff by restoring displaced vegetation. It can absorb water 
and release it slowly over a period of time as opposed to a conventional roof where stormwater is immediately 
discharged (Liesecke, 1999). Many researchers have experienced that extensive green roof can retain 60 to 100% of 
incoming rainfall depending on the depth of the substrate, the slope of the roof, the type of plant community, and 
rainfall patterns (Liesecke, 1998) (Moran, Hunt & Jennings, 2004). In general, total runoff is greater with a
shallower substrate and steeper slopes (Mentens, Raes & Hermy, 2006).
Rainwater runoff from a conventional roof contains higher amounts of numerous heavy metals and nutrients 
compared to rainfall, due to the runoff picking up particulate pollutants when flowing across the roof (Manson, 
Ammann, Ulrich & Sigg, 1999). Green roofs, on the other hand, will not generate any of the pollutants, but instead 
remove some of the impurities in the rainwater such as nitrogen or phosphorus, chemically bond with some types of 
soil particles, before they enter a ground water aquifer. Subsequently, the impurities are removed from the soil and 
855 Takao Ugai /  Procedia - Social and Behavioral Sciences  216 ( 2016 )  850 – 860 
taken up by the plants. It is believed that the majority of cadmium, copper and lead as well as notable zinc and 
nitrogen levels can be taken out of the rainwater by plants (Johnson & Newton, 1996). Nevertheless, a green roof 
can also be a possible source of contamination, especially when easily dissolvable fertilizers are used (Berndtsson, 
Emilsson & Bengtsson, 2006).
3.3. Increase Sound Insulation
Application of a green roof can increase roof insulation and helps to reduce sound propagation through the roof 
system to the inside of the building such as air traffic noise. Moreover, a green roof has also been regarded as an 
effective structure to reduce noise pollution arising from road and rail traffic by absorbing sound waves diffracting 
over roofs (Yu & Kang, 2009). In courtyards and street canyons, the amount of sound energy propagating over 
rooftops from sound source to the other side is mainly determined by the height, width and shape of the buildings 
(Kang, 1996) (Van Renterghem, Salomons & Botteldooren, 2006). Green roof can act as absorber for diffracted 
sound waves between parallel streets and mitigate noise pollution (Van Renterghem & Botteldooren, 2010) (Van 
Renterghem & Botteldooren, 2008).
3.4. Energy Savings
The green roof act to reduce the heat loss from the building in cold climate. The results vary by the species of 
plants, soil moisture content and soil thickness. Denser plants, higher moisture and thicker soil perform higher U-
Value (Alcazar & Bass, 2005) (Lui & Minor, 2005).    
Table 4 Energy saving potential of green roof on low, moderately and heavily insulated buildings in Athens, Greece
(Nichaou et al, 2001).
Roof construction U-Value
Without green
Roof (W/m2 K)
U-Value with
green roof
(W/m2 K)
Annual energy
saving % for
heating
Annual energy
saving % for
cooling
Total annual 
energy saving
Well insulated
Moderately insulated
Non insulated
0.26-0.4
0.74-0.80
7.76-18.18
0.24-0.34
0.55-0.59
1.73-1.99
8-9%
13%
45-46%
0
0-4%
22-45%
2%
3-7%
31-44%
In the summer, green roofs reduce heat flux through the roof by physically shading the roof, promoting 
evapotranspiration, and increasing the insulation and thermal mass (Gaffin et al, 2010). Thus, contribute reducing the 
use of electricity for air conditioning. Energy savings during the winter are negligible in warm climates, but can be 
seen in cooler climates (Sailor, 2008). In very humid climates, the energy savings are also expected to be lower due
to reduced evapotranspiration.
3.5. Improve Air Quality
Green roof can reduce air pollutants through a dry deposition process and microclimate effects. Green roof trap 
airborne particulates and take up other contaminants such as nitrogen oxides (NOx) (Beckett, Freer-Smith & Taylor, 
1998). Green roof also has an indirect effect on air pollution reduction by modifying microclimates. As mentioned 
on 3.4 Energy Savings, green roof reduce the use of electricity, and leads to reduction of the pollutants emitted from
power plants. Lastly, green roof also lowers the ambient air temperature as mentioned on 3.1 Heat Island Effect, the 
lowered ambient temperature then slows down photochemical reactions and leads to less secondary air pollutants, 
such as ozone (Akbari, 2002).
3.6. Extension of Roof Life
Waterproofing membranes become brittle when it’s rapidly exposed in ultraviolet (UV) light. Not only that, 
widely fluctuating roof temperatures will cause the expansion and contraction and damage the membranes easily. By 
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physically protecting the membranes, green roofs extend the life span. Proper waterproofing membranes combined 
with green roof coverage may extend their useful life by more than 20 years (Carter & Keeler, 2008). It is reported 
that some green roofs in Berlin have lasted 90 years without needing major repairs (Porsche & Köhler, 2003).
3.7. LEED
Green roof contributes to obtaining a wide variety of LEED points, thus, it is very common to find it utilized in 
projects aiming for LEED certification.
3.7.1. SS Credit – Protect or Restore Habitat (1 point)
Using native or adapted vegetation restores 30% (including the building footprint) of all portions of the site 
identified as previously developed. Once established, native or adapted plants require minimal or no irrigation; do 
not require active maintenance such as mowing or chemical inputs such as fertilizers, pesticides or herbicides; and 
increase the habitat value and promote biodiversity through avoidance of monoculture plantings.
3.7.2. SS Credit – Open Space (1 point)
Provide outdoor space greater than or equal to 30% of the total site area (including building footprint). A 
minimum of 25% of that outdoor space must be vegetated (turf grass does not count as vegetation) or have overhead 
vegetated canopy.
3.7.3. SS Credit – Rainwater Management (potential 3 points)
Manage on site the annual increase in runoff volume from the natural land cover condition to the postdeveloped 
condition.
3.7.4. Heat Island Reduction (1-2 points)
Meet the following criterion:
Area of
Nonroof
Measures
+
Area of High-
Reflective Roof +
Area of
Vegetated Roof 
Total Site
Paving Area
+ Total Roof Area
0.5 0.75 0.75
3.7.5. WE Credit – Outdoor Water Use Reduction (potential 2 points)
Reduce the project’s landscape water requirement by at least 50% from the calculated baseline for the site’s peak 
watering month beyond a maximum two-year establishment period.
3.7.6. EA Credit – Optimize Energy Performance (potential 18 points)
Green roofs can aid in the reduction of the energy demand for the project. Demonstrate a percentage improvement 
in the proposed building performance rating compared with the baseline building performance rating.
3.7.7. MR Credit – Building Product Disclosure and Optimization: Sourcing of Raw Materials (potential 2 points)
Green roof contributes towards having at least 25% of the total value of project materials that have 
environmentally, economically, and socially preferable life cycle impacts. Bio-based products must meet the 
Sustainable Agriculture Network’s Sustainable Agriculture Standard.
In summary, green roof system virtually guarantees 4 LEED points and can contribute to an additional 20+ points 
toward LEED certification. It is important to select the plants that are regional and that no irrigation will be required.
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4. Agriculture Roofing
Food production can also be included in the benefits that green roofs provide, and it can expand when 
incorporated into urban agriculture. There are various additional benefits to agriculture roofing such as mitigating
poverty, unemployment, food insecurity, income diversification and human health, which will be explained further 
in the following chapters. In order to establish and maintain beneficial agriculture roofing, we must be aware of 
several basic requirements, such as initial and running costs, cultural practices, weight limitations, media depth, 
water contamination of effluent and how food production would affect all of the benefits offered by green roof. 
Since agriculture roofing and green roof share many similarities, the following chapter summarizes the benefits and 
drawbacks of green roof.
4.1. Benefits over Green Roof
The economic benefit brought about by participation in agriculture roofing comes in a variety of forms, including 
the job creation, supplementation of family income and saving money by not purchasing food. The impact of job 
creation is highly variable, depending on the economic status of urban farmers (Graefe, Schlecht & Buerkert, 2008).
For households that sell only their excess produce or do not produce for sale, agriculture roofing frees up funds for 
other uses (Enete & Achike, 2008). The benefits of agriculture roofing increases when costs of food increases and 
when poverty increases. In addition, purchasing local food improves economic returns to the local farmers through 
shortened supply chains and better market accessibility (Peters et al, 2009).
Food security is of major concern to all of the developed and developing countries. For example, Japan is heavily 
dependent on imported food, and imports of agricultural and fisheries products totaled $59.3 billion in 2010
(Johnson, 2012). In average, food in the US must be shipped 74km to consumers in urban centers using 10 times 
more energy than the caloric value of the food itself (Peters et al, 2009). By producing agricultural goods within 
urban centers, it could not only reduce the costs associated with shipping but also minimize the carbon footprint of 
urban centers and ensure urban dwellers access to food. Food insecurity, or the lack of access to adequate food, is 
not just a problem in the developing countries, but in the developed countries like the US and Japan as well (Enete & 
Achike, 2008). Urban agriculture can lower the dependence on shipped food from rural areas or other countries, 
which will lead to improve the quantity and quality of food available to low income urban dwellers.
Agriculture roofing is an excellent way to extract and capture nutrients from urban wastes. Currently, food wastes 
are a pollution problem rather than a resource. These nutrients, properly composted, could be used to provide for 
urban food requirements.  From locally collected domestic, institutional and commercial solid waste to full range of 
small industrial waste, biomedical waste and human and animal excreta could all be turn into compost (Hamm & 
Baron, 1999).
Other ‘sensory dimensions’ of vegetation can also lead to health improvements. The ‘white noise’ similar to the 
sound of wind rustling through leaves mask distracting sounds and can even bring relaxation (Platt, Rowntree &
Muick, 1994). The fragrances of flowers and plants can trigger responses that are more cognitive, and tend to be 
remembered more vividly than visual stimuli (Porteous, 1985). And at last, interaction with growing plants heals and 
soothes the body and mind while providing a reminder to urban dwellers detached from nature of the vital source of 
human support, and of the ecological limits of that support (Nelson, 1996).
4.2. Drawbacks over Green Roof
There are several economic barriers to agriculture roofing over green roof; which include inadequate access to 
fertilizers and quality seeds, insufficient labor and initial and running costs. These barriers are due to limited 
resources of urban farmers and will not affect conventional green roof very much. Installation of agriculture roofing
can be more expansive than green roof for roof structure alone. Factors that impact the cost of agriculture roofing
include structural integrity of the building, ease of access for installation, type of drainage system, depth and 
composition of media and inclusion of an irrigation system (Whittinghill & Rowe, 2011). The agriculture roof tends 
to require deeper media, larger structural capacities, and frequent irrigation compared to green roof. 
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The selection of fertilizers is very important. The inexpensive and easily accessible fertilizers, such as manures or 
municipal wastes can contain higher amount of heavy metal and pathogen concentrations (Enete & Achike, 2008).
Pathogen and heavy metal contamination in food can be critical. Sources of contamination can include fertilizers, 
water used for irrigation, soil, and air pollutants. The soil in urban cities is often contaminated with heavy metals 
from a variety of industrial and mining sources, which can lead to contamination of agricultural products (Hu & 
Ding, 2009). The soil for agriculture roofing must be engineered instead of local soil, so that it can minimize the 
initial contamination. Atmospheric deposition of contaminants may be also reduced by locating the agriculture 
roofing several stories high, increasing the distance between crop production and sources of pollution.
4.3. LEED
Agriculture roofing can qualify for most of the credits that green roof can. Also, there is LEED pilot credit called 
“Local Food Production” that can be potentially obtained for producing food, and 1 point is awarded for placing a 
vegetable garden which occupies at least 50% of unused roof top space (excluding mechanical equipment, etc)
(USGBC, 2014).
The credits that cannot be obtained by agriculture roofing are 3.7.1. SS Credit – Protect or Restore Habitat and 
3.7.5. WE Credit – Outdoor Water Use Reduction. Unlike green roof, edible plants require frequent watering that 
disqualifies these credits. However, agriculture roofing system guarantees 3 LEED points and still contributes to 
over 20 points toward LEED certification. 
5. Conclusion
Nothing is perfect, and rainwater catchment roof, green roof and agriculture roofing are no exception. These 
technologies have yet to be adapted widely, and if not all the reasons are good, they are at least comprehensible. The 
most significant barrier among all of the systems is the initial capital cost. Though these sustainable roof systems can 
lead to significant savings, these are not usually visible to the average building owners (Callaghan, Kuhn & Bass,
1999). However, the amount of the savings and environmental benefits vary mostly by the location. There is no such 
system that is feasible to any location. The most important thing is to understand the pros and cons of these systems 
and select the one with the most benefits in its life cycle. 
The rainwater catchment roof can maximize its benefit in the region where severe weather or scarce portable 
water, such as Alaska, Arizona or many cities in South Africa. It is very challenging to grow plants in extremely cold 
or hot weather and demerits of green or agriculture roofing increase, but the merits of the rainwater catchment roof 
remains unchanged.  
The green roof has so many benefits over conventional roof system that it should be adapted to all roofs where it 
is feasible. The higher initial cost could be easily absorbed as the savings will be more significant in the long run. 
Furthermore, agriculture roofing has even more merits compared to green roof, and if the green roof is feasible, the 
agriculture roofing could be adapted in most cases. The only constraints over selecting agriculture roofing would be 
the initial and maintenance costs or structural incapacity, but if those requirements can be met, planting edible plants 
rather than simple greenery can be extremely beneficial. In this regard, the key for success is the knowledge of 
farming. On top of the general knowledge of conventional farming, the farmers must know what crops are suited to 
grow, what fertilizers are environmentally safe to use, how to block the higher winds etc.  Since agriculture roofing
helps the society to become healthier and greener, more detailed and useful information on products, farming 
methods and techniques should be shared on a regional basis so as to let rooftop agriculture be widely acknowledged 
and practiced worldwide. 
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